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AUTONOMIC COMPONENT SERVICE STATE
MANAGEMENT FOR A MULTIPLE
FUNCTION COMPONENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present application relates generally to an improved
data processing apparatus and method and more specifically
to an apparatus and method for autonomic component service
state management for a multiple function component.

2. Background of the Invention

Advancements in computing devices and mechanical
packaging have created denser packing concepts. For
example, 1n some systems, a collection of servers 1s intercon-
nected into a server system, sharing high-speed fabric topolo-
gies, such as 1 BladeCenter® systems. “BladeCenter” 1s a
trademark of International Business Machines Corporation in
the United States, other countries, or both. A BladeCenter®
system 1s a server architecture that houses multiple server
modules (“blades™”) 1n a single chassis. Blade servers are
widely used 1n data centers to save space and improve system
management. Either self-standing or rack mounted, the chas-
s1s provides the power supply. Each blade may have its own
CPU, memory, and hard disk. Blade servers generally provide
their own management systems and may include a network or
storage switch.

In some cases, multiple related but independent functions,
such as processors, storage, and memory systems, for
example, are combined into a single component package.
With multiple intelligent functions, 1t 1s possible for one of the
functions to experience a failure that requires service, repatr,
or replacement, while the remaining functions contained
within the multiple function component service boundary
may remain operable and performing normally.

A customer replaceable unit (CRU), sometimes referred to
as a field replaceable unit (FRU), 1s a circuit board, part, or
assembly that can be quickly and easily removed from a data
processing system or other piece of electronic equipment and
replaced by the customer or a technician without having to
send the entire product or system to a repair facility. In some
implementations, CRUs have an indicator light that notifies a
customer or technician that a CRU 1s ready for service. It a
component fails, a function of the CRU activates a ready-1or-
service indicator, which indicates that the customer may
sately remove the CRU {for service. The customer may then
have the CRU repaired or replaced.

BRIEF SUMMARY OF THE INVENTION

In one 1llustrative embodiment, a computer program prod-
uct comprises a computer recordable medium having a com-
puter readable program recorded thereon. The computer read-
able program, when executed on a computing device, causes
the computing device to notily a component service manage-
ment module of the falled component responsive to a function
within the multiple function component failing. The com-
puter readable program further causes the computing device
to determine, by the component service management module,
a component ready-for-service state for the multiple function
component and initiate a service action responsive to the
component ready-for-service state indicating that the mul-
tiple function component 1s ready for service. Determining,
the component ready-for-service state comprises reporting,
the component ready-for-service state to a global service
management module and determining, by the global service
management module, the component ready-for-service state
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2

based on whether service of the multiple function component
will cause an outage with another component 1n the data
processing system.

In another 1illustrative embodiment, a method, 1n a data
processing system, for component service state management
for a multiple function component within the data processing
system 1s provided. The method comprises notifying a com-
ponent service management module of a failed function
responsive to the function within the multiple function com-
ponent failing. The component service management module
1s associated with a leader function within the multiple func-
tion component. The method further comprises determining,
by the component service management module, a component
ready-for-service state for the multiple function component
and 1mitiating a service action responsive to the component
ready-for-service state indicating that the multiple function
component 1s ready for service.

In another illustrative embodiment, a multiple function
component comprises a plurality of function controllers, a
light manager, and a light controller. Each function controller
within the plurality of function controllers 1s associated with
a function 1n the multiple function component. Responsive to
a given function controller within the plurality of function
controllers sending an indication of a failure of 1ts respective
function, the light controller sends a notification of the failure
to the light manager. The light controller recetves the indica-
tion of a failure via a general purpose mput/output module
that converts discrete signals to an inter-integrated circuit
signal. Responsive to the notification of the failure, the light
manager determines a component ready-for-service state for
the multiple function component. Responsive to the compo-
nent ready-for-service state indicating that the multiple func-
tion component 1s ready for service, the light manager 1ni-
tiates a service action.

These and other features and advantages of the present
invention will be described in, or will become apparent to
those of ordinary skill in the art in view of, the following

detailed description of the example embodiments of the
present invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The mnvention, as well as a preferred mode of use and
turther objectives and advantages thereot, will best be under-
stood by reference to the following detailed description of
illustrative embodiments when read 1n conjunction with the
accompanying drawings, wherein:

FIG. 1 1s a diagram 1illustrating an example of a data pro-
cessing system 1n which aspects of illustrative embodiments
may be implemented;

FIG. 2 1s a block diagram 1llustrating a multiple function
component in which aspects of the illustrative embodiments
may be implemented;

FIGS. 3A and 3B illustrate component service manage-
ment with distributed service management in accordance
with the i1llustrative embodiments;

FI1G. 4 1llustrates a light path service system for autonomic
component service state management for a multiple function
component 1n accordance with an 1llustrative embodiment;

FIG. 5 1s a flowchart outlining example operation of a
service management soitware module 1n accordance with an
illustrative embodiment; and

FIG. 6 1s a flowchart outlining example operation of a
global service management software module 1n accordance
with an 1llustrative embodiment.
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3
DETAILED DESCRIPTION OF THE INVENTION

The 1llustrative embodiments provide a mechamsm for
autonomic component service state management for a mul-
tiple function component. The mechanism determines 3
whether independent functions within a multiple function
service boundary can be serviced. When a single function
experiences a failure that requires service, repair, or replace-
ment, the surviving functions notity the service management
soltware ol the state of the independent functions. The service 10
management soltware then determines the state of the overall
component and implements the appropriate service method.

Thus, the 1llustrative embodiments may be utilized 1n many
different types of data processing environments mcluding a
distributed data processing environment, a single data pro- 15
cessing device, or the like. In order to provide a context for the
description of the specific elements and functionality of the
illustrative embodiments, FIGS. 1 and 2 are provided hereat-
ter as example environments 1n which aspects of the illustra-
tive embodiments may be implemented. While the descrip- 20
tion following FIGS. 1 and 2 will focus primarily on a single
data processing device implementation, this 1s only an
example and 1s not intended to state or imply any limitation
with regard to the features of the present invention. To the
contrary, the 1llustrative embodiments are intended to include 25
distributed data processing environments and embodiments
in which multiple function components may experience fail-
ure of individual functions within the component.

With reference now to the figures and in particular with
reference to FIGS. 1 and 2, example diagrams of data pro- 30
cessing environments are provided in which illustrative
embodiments of the present invention may be implemented. It
should be appreciated that FIGS. 1 and 2 are only examples
and are not mtended to assert or imply any limitation with
regard to the environments in which aspects or embodiments 35
of the present invention may be implemented. Many modifi-
cations to the depicted environments may be made without
departing from the spirit and scope of the present invention.

With reference now to the figures, FIG. 1 1s a diagram
illustrating an example of a data processing system in which 40
aspects of illustrative embodiments may be implemented. As
shown 1n FIG. 1, the data processing system may be provided
in a chassis 100, such as a BladeCenter® chassis available
from International Business Machines Corporation of
Armonk, N.Y. Within the chassis 100, a plurality of host 45
servers or host systems may be provided on application
blades 110-120. Each host servers 110-120 may have one or
more iput/output adapters including a base Ethernet (base
EN) adapter for communication with an Ethernet switch 130,
an optional I/0 (opt 1/O) adapter for communication with an 50
optional switch 132, and SAS host bus adapter (SAS HBA)
for commumnication with SAS subsystems 140 and 150. In
addition to these elements, a chassis management module
160, power subsystem 165, and security module 170 may be
provided within the chassis 100 for performing various man- 55
agement, power, and security functions. The elements of the
chassis 100 communicate with one another via a SAN fabric.

The SAN fabric may include connections, such as wired
links, wireless communication links, fiber optic cables, or the
like. The SAN fabric may utilize one or more communication 60
protocols including, for example, Fibre Channel, Ethernet, or
the like. In the depicted example, the SAN fabric uses SAS to
communicate between the application blades 110-120 and the
storage subsystems 180 and 190 via the SAS subsystems 140
and 150. 65

The SAS subsystems 140 and 150 operate as switches in
the SAN fabric and controllers for accessing the storage sub-
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systems 180 and 190. As shown 1n FIG. 1, the storage sub-
systems 180 and 190 are comprised of a plurality of storage
devices 182 and 192, respectively, which are accessed via one
or more SAS expanders 184, 186, 194, and 196. The storage
devices 182 and 192 may comprise a single disk drive, tape
drive, optical drive, or a plurality of such storage devices,
such as 1n a disk array. For example, the storage device 182
may comprise a disk array, such as a Redundant Array of
Independent Disks (RAID) system with the disk devices 1n
the RAID system being Just a Bunch of Disks (JBOD)
devices and/or Switched Bunch of Disks (SBOD) systems.
The SAS subsystems 140 and 150 may themselves com-

prise a host side SAS expander 142, 152, and a storage sub-
system side SAS expander 144, 154. The SAS expanders 142,

144, 152, 154, 184, 186, 194, and 196 may be configured to
support zoning. Moreover, the SAS subsystems 140 and 150
may further comprise storage subsystem controllers, such as
RAID controllers 146 and 156, blade management control-
lers (BMC) 148 and 1358, and at least one zone manager 149
and 159. The RAID controllers 146 and 156 perform various
control operations for controlling operation and access to the
storage subsystems 180 and 190. The BMCs 148 and 158
perform various management operations for managing the
application blades 110-120 of the chassis 100. The BMCs 148
and 158 may communicate with the chassis management
module 160 to obtain vital product data (VPD) for the various
application blades 110-120 and storage subsystems 180 and
190.

As seen 1n FIG. 1, chassis 100 may contain many multiple
function components, such as application blades, SAS sub-
systems, storage subsystems, and the like. These multiple
function components may be embodied 1n a blade or other
self-contained package that 1s easily removed and replaced. A
multiple function component may take the form of a customer
replaceable unit (CRU), which 1s a circuit board, part, or
assembly that can be quickly and easily removed from a data
processing system or other piece of electronic equipment and
replaced by the customer or a technician without having to
send the entire product or system to a repair facility. For
example, a blade may have 1ts own CPU, memory, and hard
disk, where each function within the blade may operate inde-
pendently.

FIG. 2 1s a block diagram 1llustrating a multiple function
component in which aspects of the illustrative embodiments
may be implemented. Function 1 211 and function 2 212 exist
within component service boundary 210. In accordance with
an 1illustrative embodiment, a mechanism 1s provided that
allows component service boundary 210 to self-manage 1ts
readiness for service. Each independent function 211, 212 1s
configured to determine and report its independent ready-1or-
service state and, upon demand of service management soft-
ware 230, place the function in a state that can be serviced.

When a single function experiences a failure that requires
service, repair, or replacement, the mechanism enables the
functions 211, 212 to communicate the current function state
to service management soitware 230. The surviving functions
notily service management software 230 of the state of the
independent functions. Service management software 230
may then determine the state of the overall component service
boundary 210 and implements the appropriate service
method.

Service management software 230 may run within the
component and may provide service management for the
individual component. In one embodiment, service manage-
ment software 230 may determine the state of the overall
component service boundary based on the functions 211, 212
themselves. For example, function 1 211 may be capable of
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continuing operation without function 2 212 being operable.
On the other hand, function 2 212 may be dependent on
function 1 211 to operate normally and safely. In addition,
function 1 211 may require certain operations to be per-
formed 1n order to be ready for service, while function 2 212
may be ready for service immediately when a failure 1s expe-
rienced.

Furthermore, service management software 230 may
determine the state of the overall component service bound-
ary 210 based on other components in the system. For
example, function 1 211 may perform a service that other
components 1n the system require for safe operation, and
service management software 230 may delay putting the
component 1 a state of being ready for service until other
components 1n the system have failed over to another com-
ponent. Conversely, service management software 230 may
learn of a failled component elsewhere 1n the system on which
one of the functions 211, 212 depends, and may perform
operations to prepare component service boundary 210 for
the eventual ready-for-service state of the failed component.

In one embodiment, when component service boundary
210 1s ready for service, the component activates ready-for-
service indicator 215. Indicator 2135 indicates that the cus-
tomer may sately remove the component for service. The
customer may then have the component repaired or replaced.
Ready-for-service indicator 215 may be a light emitting diode
(LED), for example.

FIGS. 3A and 3B illustrate component service manage-
ment with distributed service management in accordance
with the illustrative embodiments. More particularly, with
reference to FIG. 3A, function 1 311 and function 2 312, as
well as service management processor (SMP) function 313,
ex1st within component service boundary 310. Function 1311
includes service management software (SMSW ) module 321 ;
function 2 312 includes SMSW module 322; and, service
management processor function 313 includes SMSW module
323. Each SMSW module 321-323 enables its function to
participate in the management of the service state of compo-
nent service boundary 310. A SMSW module1s at a minimum
some hardware running within its function, but may include
some hardware. Therefore, each SMSW module 321-323
may be hardware, soltware, or acombination of hardware and
software.

For each independent function 311-313 within the multiple
function component service boundary 310, a set of criteria 1s
established that allows an operable functional component to
determuine 1f 1t 1s 1n a state where an autonomic service readi-
ness state can be enabled. When component service boundary
310 1s ready for service, the component activates ready-for-
service 1ndicator 3135, Indicator 315 indicates that the cus-
tomer may safely remove the component for service. The
customer may then have the component repaired or replaced.
Ready-for-service indicator 315 may be a light emitting diode
(LED), for example.

Turning to FIG. 3B, component service management soit-
ware 320 comprises SMSW modules 321-323, which may
communicate with global service management software 330.
SMSW modules 321-323 may be configured to determine
which one of SMSW modules 321-323 1s responsible for self
management of the component service boundary 320. A hier-
archical relationship of succession may designate a service
management leader.

For example, according to an example defined relationship,
il function 2 312 1s available, then it 1s always the leader
function. If function 2 312 1s not available, and function 1 311
1s available, then function 1 311 1s the leader function. And, 1f
neither function 1 311 nor function 2 312 1s available, then the
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6

system management processor function 313 1s the leader
function. In this example, if function 2 312 1s the leader and
function 1 311 experiences a failure that requires service of
the component, then function 2 312 will be 1n the service
management leader role. Function 2 312 ascertains the state
of function 1 311 and determines its own state of readiness for
service. IT function 2 312 determines that function 1 311 1s
ready for service and that function 2 312 1tself 1s ready for
service, then function 2 312 implements the appropriate ser-
vice method. Global service management software 330 deter-
mines the state of the overall component and sets the appro-
priate indicator state in support of the service mode. Global
service management software 330 may run on chassis man-
agement module 160 or blade management controllers

(BMC) 148 and 158 1n FIG. 1, for example.

Light path service (LPS) mode 1s an example of a service
indicator scheme. In LPS mode, service management sofit-
ware may 1solate a fault to a single CRU and automatically
prepare the system component for service, repatir, or replace-
ment. The repair action can be completed under the direction
of light path diagnostics CRU endpoint indicators. Once the
CRU 1s 1n a state of being ready for repair, the service man-
agement soltware sets the appropriate CRU fault indicator
states according to the product platiform light path diagnostics
architecture definitions. The customer, or a technician, may
then remove the appropriate CRU without affecting the
operation of other components within the system.

FIG. 4 1llustrates a light path service system for autonomic
component service state management for a multiple function
component 1 accordance with an 1llustrative embodiment.
As depicted 1n FIG. 4, light manager 450 1s a functional entity
that maintains control of the logical states of different func-
tions 411-412 and light path diagnostic indicators, such as
alert light emitting diode (LED) 4352. Light manager 450
mampulates the states of the various indicators 1n response to
a determination of system conditions. Light manager 450
manages the state of the light path indicators by 1ssuing com-
mands to light controller 460 to change the state of the indi-
cators.

Light controller 460 1s the functional entity that maintains
control of the physical state of the different light path diag-
nostic indicators. Light controller 460 manipulates the state
of the physical indicators 1n response to the commands from
light manager 450. In the depicted example, light controller
460 does not interpret the system conditions and requires a
specific command to manipulate each indicator.

During normal operation, light manager 450 manages the
behavior of alert light emitting diode (LED) 452, because 1t
has high level knowledge of when to call for service action.
Light manager 450 and light controller 460 exchange heart-
beat signals to notify each other of proper operation.

Light controller 460 periodically sends a light controller
(LC) heartbeat signal to function controllers 411-412 via
general purpose input/output (GPIO) expanders 421-422.
GPIO expanders 421-422 convert inter-integrated circuit (11C
or 12C) signals to discrete signals. Each function controller
(FC) 411-412, in response to a LC heartbeat, resets 1ts watch-
dog timer and responds with a FC heartbeat echo signal via
GPIO expanders 421-422. Light controller 460 may have
multiple 12C interfaces (not shown) or may pas discrete sig-
nals among function controllers 411-412 and light manager
450. After asserting 1ts heartbeat signal, the light controller
460 reads the FC heartbeat echo signal. If the LC heartbeat
and FC heartbeat signals do not match, then light controller
460 determines that the respective function has failed and
reports a failure to light manager 450.




US 8,099,634 B2

7

Each function controller 411-412 has a failsale mecha-

nism, ALERT LED, which takes control and asserts the alert
LED 452 1n the event that the light controller 460 or light
manager 450 fails. Each one of function controllers 411-412
asserts the ALERT_LED signal only if the light controller
(LC) heartbeat fails and it has a fault to report. In this mode,
the function controller assumes the role of light manager and
light controller. In all other scenarios, light manager 450 1s the
light manager and commands light controller 460 when to
turn on/oif alert LED 452.
In response to light manager 450 indicating a system fault,
light controller 460 sends a system fault signal to function
controllers 411-412. In response to one of function control-
lers 411-412 sending an alert LED request signal to light
controller 460 via GPIO 421-422, light controller 460 for-
wards the alert LED request to light manager 450 as a func-
tion fault. Light manager 450 processes the function fault
signals and determines whether to send a command to light
controller 460 for asserting the alert LED 452.

As will be appreciated by one skilled 1n the art, the present
invention may be embodied as a system, method, or computer
program product. Accordingly, the present invention may
take the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident software,
micro-code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “‘circuit,” “module” or “system.” Furthermore, the
present invention may take the form of a computer program
product embodied 1n any tangible medium of expression hav-
ing computer usable program code embodied 1n the medium.

Any combination of one or more computer usable or com-
puter readable medium(s) may be utilized. The computer-
usable or computer-readable medium may be, for example,
but not limited to, an electronic, magnetic, optical, electro-
magnetic, inirared, or semiconductor system, apparatus,
device, or propagation medium. More specific examples (a
non-exhaustive list) of the computer-readable medium would
include the following: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a ran-
dom access memory (RAM), a read-only memory (ROM), an
erasable programmable read-only memory (EPROM or Flash
memory ), an optical fiber, a portable compact disc read-only
memory (CDROM), an optical storage device, a transmission
media such as those supporting the Internet or an intranet, or
a magnetic storage device. Note that the computer-usable or
computer-readable medium could even be paper or another
suitable medium upon which the program 1s printed, as the
program can be electronically captured, via, for instance,
optical scanning of the paper or other medium, then com-
piled, interpreted, or otherwise processed 1n a suitable man-
ner, 1f necessary, and then stored 1n a computer memory. In the
context of this document, a computer-usable or computer-
readable medium may be any medium that can contain, store,
communicate, propagate, or transport the program for use by
or in connection with the instruction execution system, appa-
ratus, or device. The computer-usable medium may include a
propagated data signal with the computer-usable program
code embodied therewith, either 1n baseband or as part of a
carrier wave. The computer usable program code may be
transmitted using any appropriate medium, including but not
limited to wireless, wireline, optical fiber cable, radio fre-
quency (RF), etc.

Computer program code for carrying out operations of the
present invention may be written 1n any combination of one or
more programming languages, mcluding an object oriented
programming language such as Java™, Smalltalk™, C++ or
the like and conventional procedural programming lan-
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guages, such as the “C” programming language or similar
programming languages. The program code may execute
entirely on the user’s computer, partly on the user’s computer,
as a stand-alone software package, partly on the user’s com-
puter and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN) or
a wide area network (WAN), or the connection may be made
to an external computer (for example, through the Internet
using an Internet Service Provider).

The illustrative embodiments are described below with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to the illustrative embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks 1n the flowchart 1llustrations and/or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified in the flowchart and/or
block diagram block or blocks.

These computer program instructions may also be stored 1n
a computer-readable medium that can direct a computer or
other programmable data processing apparatus to function 1n
a particular manner, such that the instructions stored 1n the
computer-readable medium produce an article of manufac-
ture including mstruction means which implement the func-
tion/act specified 1n the flowchart and/or block diagram block
or blocks.

The computer program instructions may also be loaded
onto a computer or other programmable data processing
apparatus to cause a series of operational steps to be per-
formed on the computer or other programmable apparatus to
produce a computer implemented process such that the
instructions which execute on the computer or other program-
mable apparatus provide processes for implementing the
functions/acts specified in the flowchart and/or block diagram
block or blocks.

The flowchart and block diagrams 1n the figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, 1n some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

FIG. 5 1s a flowchart outlining example operation of a
service management solftware module 1n accordance with an
illustrative embodiment. Operation begins, and the service
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management software module determines whether 1ts func-
tion 1s the leader function (block 502). If the service manage-
ment software module determines that its function 1s not the
leader function, the service management software module

determines whether the leader tunction 1s available for selt 5

management (block 504). If the service management soft-
ware module determines that the leader function has experi-
enced a failure and 1s not available for self management, the
service management software module determines the new
leader function based on a hierarchical relationship of suc-
cession (block 506). Thereafter, operation returns to block
502 where the service management software module deter-
mines whether 1ts function 1s the leader function.

If the service management software module determines
that the leader function 1s available for self management in
block 504, the service management soltware module deter-
mines 1ts ready-for-service state (block 508) and reports its
ready-for-service state to the leader function (block 510).
Thereatter, operation returns to block 502 where the service
management software module determines whether its func-
tion 1s the leader function.

Returming to block 502, 11 the service management soft-
ware module determines that its function 1s the leader func-
tion, the service management software module determines its
ready-for-service state (block 512) and receives a ready-for-
service state from the other functions (block 514). Then, the
service management software module determines the ready-
for-service state of the overall component (block 516) and
reports the component ready-for-service state to a global
service management software module (block 518). Thereai-
ter, operation returns to block 502 where the service manage-
ment software module determines whether i1ts function 1s the
leader function.

FIG. 6 1s a flowchart outlining example operation of a
global service management software module 1n accordance
with an 1llustrative embodiment. Operation begins, and the
global service management soitware module receives ready-
for-service state information from a plurality of functions in a
multiple function component (block 602). Then, the global
service management software module determines a ready-
for-service state for the overall component based on the
ready-for-service state mformation (block 604). Alterna-
tively, component may autonomously determine its ready-
for-service state and report a ready-for-service state signal to
the global service management software module.

Then, the global service management software module
determines a ready-for-service state for the component based
on global information (block 606). That 1s, the global service
management software module may determine whether ser-
vice of the component will result in an outage or problem with
one or more other components. In this case, the global service
management software module may delay asserting a ready-
for-service state for the component until the other compo-
nents can failover to a redundant component, for example.
Thereatter, operation ends.

Thus, the illustrative embodiments provide mechanisms
for autonomic component service state management for a
multiple function component. The mechanism determines
whether independent functions within a multiple function
service boundary can be serviced. When a single function
experiences a failure that requires service, repair, or replace-
ment, the surviving functions notily the service management
soltware ol the state of the independent functions. The service
management soltware then determines the state of the overall
component and implements the appropriate service method.

As noted above, 1t should be appreciated that the illustra-
tive embodiments may take the form of an entirely hardware

10

15

20

25

30

35

40

45

50

55

60

65

10

embodiment, an entirely software embodiment or an embodi-
ment containing both hardware and software elements. In one
example embodiment, the mechamsms of the illustrative
embodiments are implemented in software or program code,
which includes but 1s not limited to firmware, resident soft-
ware, microcode, etc.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage, and cache memories which provide temporary stor-
age of at least some program code in order to reduce the
number of times code must be retrieved from bulk storage
during execution.

Input/output or I/O devices (including but not limited to
keyboards, displays, pointing devices, etc.) can be coupled to
the system either directly or through intervening 1I/O control-
lers. Network adapters may also be coupled to the system to
enable the data processing system to become coupled to other
data processing systems or remote printers or storage devices
through intervening private or public networks. Modems,
cable modems and Ethernet cards are just a few of the cur-
rently available types of network adapters.

The description of the present invention has been presented
for purposes of 1illustration and description, and 1s not
intended to be exhaustive or limited to the invention 1n the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art. The embodiment
was chosen and described in order to best explain the prin-
ciples of the invention, the practical application, and to enable
others of ordinary skill 1n the art to understand the invention
for various embodiments with various modifications as are
suited to the particular use contemplated.

What 1s claimed 1s:
1. A computer program product comprising a computer
recordable medium having a computer readable program
recorded thereon, wherein the computer readable program,
when executed on a computing device, causes the computing
device to:
responsive to a function within a multiple function com-
ponent failing, notify a component service management
module of the failed component, wherein the component
service management module 1s associated with a leader
function within the multiple function component;

determine, by the component service management mod-
ule, a component ready-for-service state for the multiple
function component; and

initiate a service action responsive to the component ready-

for-service state indicating that the multiple function
component 1s ready for service,

wherein determining the component ready-for-service

state comprises:

reporting the component ready-for-service state to a global

service management module; and

determiming, by the global service management module,

the component ready-for-service state based on whether
service of the multiple function component will cause an
outage with another component 1n the data processing
system.

2. The computer program product of claim 1, wherein the
computer readable program further causes the computing
device to:

responsive to the leader function not being available for

sell management, 1dentity a new leader function within
the multiple function component.
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3. The computer program product of claim 1, wherein the
component service management module 1s a light manager,
wherein notitying the component service management mod-
ule of the failed component comprises:

receiving, at a light controller, an alert indicator request

signal from a function within the multiple function com-
ponent; and

forwarding the alert indicator request signal to the tight

manager.

4. The computer program product of claim 3, wherein
initiating the service action comprises asserting, by the light
manager, an alert indicator.

5. The computer program product of claim 4, wherein the
alert indicator comprises an alert light emitting diode.

6. A method, 1n a data processing system, for component
service state management for a multiple function component
within the data processing system, the method comprising:

responsive to a function within the multiple function com-

ponent failing, notifying a component service manage-
ment module within the data processing system of the
failed function within the multiple function component,
wherein the component service management module 1s
associated with a leader function within the multiple
function component;

determining, by the component service management mod-

ule, a component ready-for-service state for the multiple
function component; and

initiating a service action on the multiple function compo-

nent responsive to the component ready-for-service state
indicating that the multiple function component 1s ready
for service.

7. The method of claim 6, wherein determiming the com-
ponent ready-for-service state comprises:

reporting the component ready-for-service state to a global

service management module; and

determining, by the global service management module,

the component ready-for-service state based on whether
service of the multiple function component will cause an
outage with another component 1n the data processing
system.

8. The method of claim 6, further comprising:

responsive to the leader function not being available for

sell management, i1dentifying a new leader function
within the multiple function component.

9. The method of claim 6, wherein the component service
management module 1s a light manager, wherein notifying
the component service management module of the failed
component comprises:

receiving, at a light controller, an alert indicator request

signal from a function within the multiple function com-
ponent; and
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forwarding the alert indicator request signal to the light

manager.

10. The method of claim 9, wherein 1imtiating the service
action comprises asserting, by the light manager, an alert
indicator.

11. The method of claim 10, wherein the alert indicator.

comprises an alert light emitting diode.

12. A multiple function component, comprising:

a plurality of function controllers, wherein each function

controller within the plurality of function controllers 1s

associated with a function 1n the multiple function com-
ponent;

a light manager; and

light controller,

wherein responsive to a given function controller within
the plurality of function controllers sending an indica-
tion of a failure of its respective function, the light con-
troller sends a notification of the failure to the light
manager;

wherein the light controller receives the indication of a

failure via a general purpose mput/output module that
converts discrete signals to an inter-integrated circuit
signal;
wherein responsive to the notification of the failure, the
light manager determines a component ready-for-ser-
vice state for the multiple function component; and

wherein responsive to the component ready-for-service
state 1ndicating that the multiple function component 1s
ready for service, the light manager 1nitiates a service
action.

13. The multiple function component of claim 12, wherein
the indication of a failure comprises an alert indicator request
signal.

14. The multiple function component of claim 12, wherein
the light controller sends a heartbeat signal to each of the
plurality of function controllers and determines whether an
expected echo signal 1s returned from each of the plurality of
function controllers.

15. The multiple function component of claim 14, wherein
responsive to the light controller determining that a function
controller within the plurality of function controllers does not
return an expected echo signal, the light controller sends a
notification of a failure to the light manager.

16. The multiple function component of claim 12, wherein
initiating the service action comprises asserting, by the light
manager, an alert indicator and wherein the alert indicator
comprises an alert light emitting diode.

e
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